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FOREWORD 
 
Assalamu’alaikum warahmatullahi wabarakaatuh and greetings. 
 
This proceeding contains selected papers of 1st International Conference on 
Chemistry, Pharmacy, and Medical Sciences (ICCPM) which held on November 26-
27, 2018, Santika Hotel, Bengkulu-Indonesia. The conference which was organized by 
the Department of Chemistry, Faculty of Mathematics and Natural Sciences, 
Universitas Bengkulu.  
 
The ICCPM 2018 is attended by more than 100 participants. In terms of origin, the 
participants of this ICCPM are coming from 6 countries i.e. Indonesia, Japan, US, 
Malaysia, Thailand, and India. The conference is the first international conference 
organized by the Department of Chemistry, Faculty of Mathematics and Natural 
Sciences, Universitas Bengkulu and is expected to be held continuously every three 
years. 
 
The conference particularly encouraged the interaction of research students and 
developing academics with the more established academic community in an 
informal setting to present and to discuss new and current work. Their contributions 
helped to make the conference as outstanding. The papers contributed the most 
recent scientific knowledge known in the field of Organic Chemistry, Material 
Chemistry, Pharmacy, Agricultural Chemistry, and Miscellaneous topic related to 
chemistry. 
 
Our deep gratitude is strongly forwarded to all individuals who took part in the 
conference, especially the keynote speakers, invited speakers, all the presenters 
and participants as well as all students and staffs who have been involved in the 
preparation and execution of the conference and the publication of the 
proceedings. Our deep gratitude also forwarded for all reviewers the manuscript for 
this proceedings. 
 
These Proceedings will furnish the scientists with a good reference book. I trust also 
that this will be an impetus to stimulate further study and research in all these areas. 
  
Bengkulu, 30 November 2018 
General Chair of ICCPM 
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Synthesis and Characterization of Modified Silica/Zn as 
Heterogenous Catalyst 
NURYANTI1,*, Rahayu WIJAYANTI1 
1Universitas 17 Agustus 1945 Jakarta, Jalan Sunter Permai Raya, Jakarta 14350 
Abstract.   Heterogeneous catalyst has a large part to play in green chemistry and substantially reducing pollution and 
undesirable by-products from both the chemical and refining processes. Synthesis and characterization of 
modified silica/Zn as heterogeneous catalyst has been carried out. Firstly, the synthesis of SiO2 with aniline 
in toluene and AlCl3 was conducted to provide sufficient area to immobilizing Zn in the silica and namely 
modified silica. Secondly, Zn was immobilized on modified silica and namely modified silica/Zn. Some 
techniques such as X-Ray Diffraction (XRD), Fourier Transform Infra-Red (FTIR) and Energy Dispersive 
X-Ray Analysis (EDX) are used to characterize and compare the properties of the synthesized materials. 
The results showed that the Zn insertion to modified silica successfully done. 
Keywords:  Modified silica, catalyst modified silica/Zn, heterogeneous catalyst
A. Introduction   
In the last decades, catalysis has unquestionably become 
a cornerstone in the Green Chemistry perspective, its 
continuous advances has enabled the discontinuation of 
outdated stoichiometric methodologies to give place to 
more sustainable ones [1]. Catalysts play an important 
role in various industrial processes such as energy, fuel, 
pharmaceutical and chemical industries. Catalyst 
compound as one of the most important element in the 
synthesis process both organic and inorganic are very 
interesting to study [2]. 
Catalysts are generally divided into two types, 
homogeneous and heterogeneous catalysts. 
Heterogeneous catalyst where the catalyst and the 
reactants are in the different physical phases, while 
homogeneous where both are in the same phase [3]. The 
advantages of homogeneous catalysts are easy to 
characterize for example spectroscopy, reaction 
mechanisms can be made to predict the reactions. In 
addition, the catalyst is easily dispersed effectively, thus 
all catalyst molecules can interact with the reactants. But 
the main problem that homogeneous catalysts have in 
general are difficult to separate from the product so it 
cannot be reused.  
Alternative efforts continuously develop related to 
economic value and environmental issues of 
homogeneous catalysts by grafting (chemically affixed) 
to a material support resulting a heterogeneous catalyst. 
Commonly material support used are organic support 
such as poly (4-vinylpyridine) and inorganic support 
such as zeolite, silica and alumina [1]. The using of 
material as support was motivated by several advantages 
such as uniformity, pore size and surface area so that, it 
was possible for the catalyst to interact on the surface of 
the support [4, 5] 
Silica (SiO2) is a compound of the two most abundant 
elements in Earth’s crust including mesoporous material 
that potential in various fields such as catalysts support, 
drug delivery, adsorption and other applications 
promising to develop in research, both regarding the 
influence of the conditions of synthesis and concerning 
morphology and porous characteristics. The study of 
metal particles on oxide supports is important in 
heterogeneous catalysis because the size and nature of 
the interaction of a metal particle with an oxide support 
are critical in determining catalytic activity and 
selectivity [6-8]. 
Transition metals are reported active as catalysts. Metal 
surfaces have unique properties that can catalyse a series 
of complex reactions that begin with dissociation of 
adsorption followed by complex rearrangement through 
formation and breaking of bonds and the adsorption 
process of the product [9]. Catalyst Zn(II)-impregnated 
in amorphous silica showed the good yield in reaction 
cyclization of citronellal oil [10]. Silica gel exhibited a 
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strong synergistic effect on the degradation of para-nitro 
phenol by Zn (0)- activated persulfate [11]. 
Thus, most of the industries tend to shift towards the 
heterogeneous catalyst. As heterogeneous catalysis have 
evolved, it has become more apparent that it has a large 
part to play in green chemistry and thus removing or 
substantially reducing pollution and undesirable by-
products from both the chemical and refining processes 
[12-14]. 
Because of the potential for increased efficiency and 
selectivity along with the advantages of environmentally 
benign synthetic procedures and catalyst reusability, it 
becomes clear that the heterogeneous catalyst has large 
opportunities to develop. The main purpose of this 
research is immobilized Zn metallic to modified silica to 
transform catalyst from homogenous to heterogeneous. 
The catalyst can be applied in organic synthesis such as 
cyclization reaction of citronella oil into several 
products, transesterification reaction. Catalyst also used 
in hydrogenation, carbonylation and low pressure 
polymerization reaction for ethylene, propene and other 
large application.  
B. Result and Discussion  
Firstly, pure silica was activated in purpose to open the 
porous of silica with heated in 200 °C. The early colour 
of pure silica was white (white powder). The adding of 
aniline (in toluene) was changed the colour where can 
analyse as visually to chocolate suspension. 
The adding of AlCl3 to suspension was decreased 
intensity of chocolate colour. After stirred in 24 hours 
the colour form green. The immobilization of Zn metal 
to modified silica form the colour of suspension grey.  
Fig. 1. X-Ray Diffraction patterns of Modified Silica and 
Modified Silica/Zn. 
 
X-Ray Diffraction patterns of modified silica and 
modified silica/Zn are displayed in Fig. 1. The typical 
peak of silica was the wide peak approximately at 2θ of 
22°. Modified silica has a wide peak at 2θ of 21.39° and 
modified silica/Zn has a wide peak at 22.04°. They 
showed that diffraction pattern of modified silica and 
modified silica/Zn have amorf phase. The diffraction 
pattern has a wide peak and low intensity between 2θ of 
22° until 25°. This result is in agreement with Regina, et 
al. [17]. It was confirmed that immobilization of Zn into 
surface of silica did not change basal spacing and the 
overall structure of silica.  
Table 1.   Basal spacing of modified silica and modified 
silica/Zn. 
 
 2θ (°) Basal Spacing (Å) 
Modified Silica 21.39 4.15 
Modified Silica/Zn 22.04 4.03 
 
 
Figure 2 showed that the FTIR spectra of modified silica 
and modified silica/Zn. As seen in Figure 2, the FTIR 
spectra does not significantly change. The peak of OH 
strain in modified silica/Zn shift to a lower wavenumber 
of 3205.47 cm-1 and the intensity is decreased. It is 
observed that the band at 3521.77 cm-1 is attributable to 
–OH which considered as the immobilization effect. The 
modified silica spectrum is in accordance to the previous 
results [15].  The vibration intensity of water molecules 
is decreased and shifted to 1249.78 cm-1 after 
immobilization. The Si-O-Si vibration band shifts to 
900.69 cm-1. Thus, FTIR spectra demonstrate an 
effective immobilization. In the modified silica/Zn, a 
significant change of the peak at 3446 cm-1 introducing 
the -OH as the effect of immobilization was observed. 
The Si-O-Si vibration shifts to 1043 cm-1.  
In the material support of modified silica was showed 
that broadening of spectrum at 3456.20 cm-1 indicated 
the vibration of Si–OH stretching from silanol 
compound [18]. The spectrum at 1249.78 cm-1 was 
confirmed the vibration of H-O-H bending from water 
molecule that absorbed in the process. The peak at 
1425.29 cm-1 was indicated C-N stretching aromatic 
from aniline molecule. Aniline was participated as 
brønsted base to activing silanol in modified silica. It 
confirm with a sharp peak at 698.18 cm-1 where 
indicated vibration of –NH2 wagging from pure 
molecule, it shows that aniline did not bond as 
chemically in support silica but only as a weak 
physically interaction. This interaction was needed by 
aniline because aniline act as the pull of proton (brǿnsted 
base). If the interaction in chemically, it will disturb the 
process of inserting Lewis acid to support. As explain 
above, it can confirm that spectrum of finger print at 
742.54 cm-1 indicated C-H bending from heterocyclic 
molecule from aniline. It also can explain that a strong 
absorb spectrum at 900.69 cm-1 was indicated the 
vibration of stretching asymmetric from siloksan (Si-O-
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Si). Spectrum in area of finger print 501.45 cm-1 was a 
specific halide Cl from Lewis acid AlCl3. 
Fig. 2. FTIR Spectra of modified silica and modified silica/Zn. 
 
Modified silica/Zn has a broadening spectrum at 3596.99 
cm-1 indicated the vibration of Si–OH stretching from 
silanol compound. Spectrum at 1249 cm-1 was indicated 
the vibration of H-O-H bending from water absorbed in 
process.  The comparison of modified silica and 
modified silica/Zn, it shows that the decrease of intensity 
at 3000 cm-1 from Si-OH bending. It was indicated the 
interaction of silanol compound with catalyst where 
catalyst absorbed to modificator. 
Figure 2 showed that immobilization Zn into modified 
silica did not change the significance wavenumbers but 
decreased the intensity of modified silica/Zn. It was 
indicated that immobilization process influence of 
modified silica. It was confirmed that immobilization of 
Zn did not significantly the structure of silica.  
Table 2 showed the element contents of the modified 
silica before and after immobilization with Zn metallic. 
An appeared of the Zn amount in the modified silica by 
5.32 % indicates that Zn was successfully incorporated 
into the modified silica. 
In modified silica distribution of element were C in the 
amount of 4.71 %, N of 1.34 %, O in the amount of 52.6 
%, Al in amount of 1.39 %, Cl in amount of 1.31 % and 
Si in amount of 38.11 %. After immobilization of Zn 
into modified silica the composition elements were 
changed into C in the amount of 7.86 %, N of 2.4 %, O 
in the amount of 31.78 %, Al in the amount of 10.37 %, 
Cl in the amount of 1.59, Si in the amount of 35.55 % 
and Zn 5.32 %. EDX shows the decreased of element Si 
and O from modified silica/Zn and appeared element Zn 
in modified silica/Zn where it was disappear before. It 
was indicated that element of Zn has been successfully 
inserted into modified silica (Figure 3 and 4). Figure 3 
and figure 4 show the elemental composition before and 
after immobilization. It indicated that there is no element 
Zn before immobilization and it appear after 
immobilitation process with percentage of 5.32 which 
detailed show in Table 2. 
Table 2. The comparison of elements (wt %) in modified 
silica before and after immobilization. 
 











Immobilization of Zn metallic into surface of modified 
silica produced a heterogeneous catalyst form an 
insoluble catalyst system in its reaction phase. 
Diffratogram of XRD and spectra of FTIR from 
modified silica and modified silica/Zn were confirmed 
that immobilization process did not change the structure 
of silica. Diffraction patterns were showed that silica 
have amorf phase. EDX result showed that in the Zn 
metallic immobilization the amount of Zn inserted in the 
surface of silica was 5.32 %. The results showed that the 
Zn insertion to modified silica successfully done. 
Element Modified Silica (wt %) Modified Silica/Zn  
(wt %) 
C 4.71 7.86 
N 1.34 2.40 
O 52.6 31.78 
Al 1.39 10.37 
Cl 1.31 1.59 
Si 38.11 35.55 
Zn 0.00 5.32 
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D. Experimental Section 
4.1. Materials 
Chemical compound like silica gel, Zink (II) Bromide 
(ZnBr2), aniline, toluene, AlCl3, methanol were 
purchased from Merck Chemical (Germany), aluminium 
foil, filtrated paper Whatman No. 42 and wrap plastic. 
4.2. Characterization Techniques 
Characterization by X-Ray Diffraction (XRD) was 
performed in the range of 2θ = 2-80°, scanned at 2°/min. 
The instrument used was Shimadzu XRD700 Maxima 
with Cu Kα radiation filter operated at 40 kV and 30 
mA. FT-IR spectra were recorded in the area of 350-
4000 cm-1 in FT-IR BRUKER Tensor 37. 
Approximately 1 mg of sample and 300 mg KBr 
(Panreac, for IR Spectroscopy) were used in the pellets 
preparation. Element analysis of solid samples was 
conducted by Energy Dispersive X-Ray Analysis (EDX) 
on a TSL AMETEK.  
4.3. Modification of Silica 
Modification of silica was prepared based on previous 
method [15]. Silica gel was heated 200 °C in one hour. 
Then activated silica was mixed with aniline (in toluene) 
solution and stirred 24 hours. Added with aluminium 
trichloride and continued stirred 24 hours. Suspension 
was filtered, washed, dried and analysed with FT-IR, 
XRD and EDX. 
4.4. Synthesis of modified silica/Zn catalyst 
ZnBr2 was synthesized according to previous method 
reported by Imachi, et.al [16] with some modifications. 
ZnBr2 was used as the source of Zn metal. ZnBr2 was 
dissolved in methanol and stirred. Afterward, modified 
silica was added to solution, gradually mixed together 
and stirred 24 hours. Suspension was filtered, washed by 
methanol, dried at 105 °C, calcinated at 500 °C and 
analized with FT-IR, XRD and EDX. The suspension 
namely modified silica/Zn 
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